Compound section is referred to a section the surface of which is made of several sub-sections with different flow characteristics. The difference in the hydraulic and geometry characteristics causes a complexity in flow hydraulic and creates an interaction between the main channel and floodplains, resulting in an apparent shear stress and a transverse momentum transfer. The amount of such a stress plays an important role in many river engineering measures [1]. Due to the flow complexity, the common approximate analytical methods are not enough to identify the flow profile. The FLOW3D Software with its great features in three-dimensional analysis of flow field is used as a tool to investigate the shear stress in a direct symmetrical compound rectangular channel. After the simulation of models, it is found that an increase in the relative width and relative depth parameters decreases the percentage of apparent shear stress and an increase in the relative roughness causes it to be increased [2].
Introduction
Compound section is referred to a section the surface of which is made of several sub-sections with different flow characteristics. Each section consists of a main creek or channel and two floodplains. A natural river, from which a flow passes after supercharging of the waterway and entering into the adjacent lands at the time of flooding, is an example of a compound section [1] .
In the absence of a flood, the flow only transits from the main waterway and floodplains generally remain without any flow, resulting in a lesser degree of roughness of the main channel compared to the floodplains. This difference in roughness during floods and flowing of stream from flood plains leads to a difference between the velocities in the sub sections. In addition to the difference in roughness and velocity between sub-sections of the compound channel, other geometry and hydraulic parameters affect hydraulic of the flow in the compound channels. Relative depth, relative width, transverse slope of floodplains, floor slope, side slope of walls as well as figure ratio are among effective parameters. The difference in values of the aforementioned parameters is followed by the complexity of the hydraulic flow. Such differences cause an interaction between deep flow in the main channel and shallow flow in the floodplains the result of which is a shear stress which is in addition to the bed and walls shear stress and is generally called apparent shear stress. This apparent shear stress dramatically violates flow pattern and boundary shear stress [3] .
Formation of apparent shear stress and vortices causes the flow to be slow in the main channel which indicates the transition of momentum in the width of the channel [1] .
As a result of this complexity in the hydraulic of the flow, the common approximate analytical methods are ineffective to be used to obtain flow specifications and equations in compound channels.
In most river engineering measures to anticipate the transmission capacity, velocity and boundary shear stress distributions caused by the floods are needed. Apparent shear stress and transverse momentum transfer resulted from it play important roles in the calculation of flow rate and secondary flows to identify and control the sediment transport mechanism in order for protecting coasts, organizing rivers, designing a stable channel, analyzing scouring as well as transmitting the contamination [4] .
A wide range of studies have been conducted in connection with symmetrical compound rectangular channels and the investigation of the apparent shear stress in them as well as the effect of various parameters on them [5] .
Zhelzinkov (1971), after conducting several studies on compound channels, for the first time, introduced the ratio of depth of the main channel to the depth of the floodplain as a major factor in the hydraulic of compound channels which was later called effective depth. Myers (1978) , using a Preston tube, measured the shear stress distribution around a compound channel including a deep section and a floodplain in a flume with the size of 9.15 m. Using the obtained results, he quantitized the transition of momentum and stated the dangers caused by ignoring this phenomenon in the analysis of the compound channel. Myers called the momentum transfer phenomenon between the main channel and the floodplain "kinetic effect". By considering the ratio of the depth of the floodplain to the depth of the whole channel as the relative depth, he studied force changes, apparent shear stress and the intensity of vortices using the Reynolds number and the relative depth. He concluded that by increasing the relative depth and the Reynolds number, the apparent shear stress is reduced and the maximums value of apparent shear force can reach 25% of the component of the main channel water weight [6] . Knight and Demetriou (1983) proposed some equations to determine the transverse momentum transfer based on experimental data and found that for compound channels with low relative depth and high floodplain width, apparent shear force increases on the floodplain boundary wall/main channel [2] . Knight (1984) studied the effect of roughness difference between the floodplain and main channel on the transverse momentum transfer by the gradual roughening of floodplains in 6 steps in a symmetrical compound channel. He also investigated the effect of such a decrease on boundary shear and flow forces in the roughest state of the floodplain by reducing the width of the floodplain. He considered 4 dimensionless parameters that contained the ratio of the floodplain width to the main channel width, the ratio of floodplain depth to the depth of the main channel, the ratio of floodplain roughness to the main channel roughness and the ratio of the main channel width to the main channel depth. The experiments were conducted in a channel with 15 meters length and 6.1 meters width. After the measurement of shear velocity and force on a humid environment, he proposed some equations to calculate the apparent shear stress in three states of horizontal, vertical and oblique apparent connection faces and came to the conclusion that the percentage of total shear force of floodplains significantly increases with increasing the roughness of floodplains and for a smooth channel (the roughness ratio of the floodplain to the main channel is equal to 1), which is the geometry for the constant main channel (width to depth ratio is equal to 1), the percentage of the shear force of floodplains for a known width ratio increases with increasing of the depth ratio [7] .
Shinio and Knight (1991) conducted a series of experiments in a stable creek belonging to the University of Birmingham with the length of 56 m and the width of 10 m with the capability of variability in the width of floodplains with a compound trapezoidal cross section in the main creek and floodplains and achieved remarkable results. Isam Al-Khatib (1999) examined the influence of the cross section geometric parameters, especially the main channel width and the main channel wall height on the shear stress distribution changes in the floodplain and main channel of a compound rectangular channel [8] . The flume under the experiment was 9 meters long, 0.67 meters wide and 0.75 meters deep and the shear stress was measured using a Preston tube. The shear stress pattern was obtained for 11 different depths. Al-Khatib came to the conclusion that by increasing the width and height of the wall of the main channel, its average bed shear stress also increased. Moreover, he found that wider floodplains due to loss of energy to floodplains and greater momentum transfer than floodplains with narrower width will cause a reduction in the main channel shear. With regard to the relationship of average shear stress ratio in the main channel bed to average shear stress in floodplain bed with relative depth (depth of floodplain to the main channel ratio) Al-Khatib concluded that for low relative depth values, the shear stress ratio is greater than 1 and for greater relative depths, the ratio is close to or slightly smaller than 1. He stated the reason to be the greater momentum transfer in the small relative depth and lower momentum transfer in greater relative depths. Fazli and Rezai (2010) by keeping constant the geometric dimensions of the main channel and changing the width of floodplains and the relative depth investigated the effect of these parameters on shear stress in a compound channel. Preston tube was used to directly measure the shear stress and it was calculated using the exsiting hydraulic relations. The flume under the experiment had a length of 18 meters, width of 1200 mm, height of 400 mm and the slope of 0.0023 and 4 values were considered for the floodplain width. Fazli and Rezaei came to the conclusion that by increasing the width of floodplains, the degree of shear stress is reduced. Regarding the effect of the relative depth on the shear stress they came to the conclusion that by increasing the relative depth, the shear stress increases and by increasing the relative depth more than 0.4, the impact of an increase in the floodplain width to an increase in the shear stress can be ignored [9] .
Since no study had directly investigated the effect of some parameters as well as the apparent shear stress with the FLOW3D software, this study aims to investigate the effects of relative depth, the relative width, and relative roughness on the transfer of momentum and apparent shear stress in a rectangular, straight, and symmetric compound channel with the use of the FLOW3D software [10] .
Materials and Methods
In order to investigate the effect of geometric and hydraulic parameters of the compound channel on the apparent shear stress, these features, using dimensional analysis, were divided into three dimensionless parameters including relative roughness, relative depth, and relative width ( Table 1) r H h D H − = is the relative depth parameter which is equal to the ratio of floodplain depth to the main channel depth. fp r mc n n n = is the relative roughness parameter which is equal to the ratio of floodplain roughness to the main channel roughness. 
Numerical Models
The FLOW 3D software is a powerful hydraulic simulator application in the field of fluid dynamics with threedimensional flow field analysis. The equations governing in the model, like other similar models, are NavierStokes equations and the conservation of mass equation.
In order to model the channel in this application, we need to define the General Conditions (including the simulation of all systems), physical conditions, geometry and model-solving network, adjusting the outputs and its related options. Celsius Degrees was chosen for system units, SI, and temperature [7] .
In physical terms, the software allows that, according to the principles of the physics governing the phenomenon, the relevant conditions are chosen. The physical conditions governing this study are gravity and viscosity and turbulence. The turbulence in this software is stimulated by five models and the model used in this research was Re-Normalisation Group (RNG). In this model of turbulence, constant values which were experimentally calculated in K-model are implicitly derived.
After that, the fluid should be defined. The selected fluid of this study is the 20-degree-Celsius water. The next step is to define the geometry and resolve network, which is of importance in simulation. The FLOW3D enables the user to depict a lot of fluid phenomena with the tools available in the software. Defining the channel geometry, resolve network should be defined [11] . The defined resolve network of the software is in the form of regular (cubic) resolve network including network size, number of cells and their dimensions in three coordinates of X, Y, and Z and boundary conditions. The smaller the size of network cell dimensions and the greater their number, the higher the capability and precision of the program for simulation will be.
In defining the boundary conditions according to the existing conditions of the model, some properties can be assigned to every aspect of the resolve network. In this study, volume flow rate requirement and outflow boundary condition (Outflow), and wall and symmetry conditions are considered for upstream, the lower boundary, walls and floors, respectively.
After the definition, implementation and completion of the simulation model, the apparent shear stress value and its percentage can be obtained using the provided shear stress outputs and equations (1) 
The left side of the equation shows the amount of the shear force in half of the main channel and the ASF represents the apparent shear force and the integral terms show the shear force for the whole channel. 
In this regard, % ASF is the percentage of the apparent shear force or relative apparent shear force and ASF represents apparent shear force obtained from Equation (1), and the denominator indicates the total channel shear force (Figure 1). 
Conclusion
In order to evaluate the effect of relative roughness parameters and the relative width on the apparent shearing stress, the following charts are drawn.
The horizontal axis is the percentage of apparent shear stress and vertical axis shows the relative roughness. In all the above graphs, in each main channel constant roughness size, in all 3 relative depths and 4 relative widths, the percentage of apparent shear stress increases with an increase in the relative roughness size.
In the graphs drawn for the relative depth of 0.15 which is the lowest relative depth of simulation, in comparison with other two relative depths, graphs are steeper and the rate of change for the apparent shear stress is more increased. The reason for this is that in lower relative depths, the relative roughness is more apparent and has greater impact on the transfer of momentum and consequently on the apparent shear stress; however, with increasing relative depth, the effect of relative roughness is less and the changes of apparent shear stress are less (Figure 2) .
For each relative roughness, the percentage of the apparent shear stress decreases by an increase in relative depth and the percentage of the apparent shear stress are reduced by increased relative depth which means increased depth in floodplains. It is because of the changes in the nature of the compound channel from a compound section to a simple rectangular channel, with increasing depth.
For a main channel roughness size and the relative depth as well as the constant relative roughness, with an increase in the relative width the percentage of the apparent shear stress is reduced. The reason for such a reduction of apparent shear stress percentage by increasing the relative width is that as floodplains become wider, the momentum transfer becomes greater and therefore this percentage decreases (Figure 2, Figure 3) .
By comparison of the charts relevant to all 3 main channel roughness sizes it becomes clear that when the main channel roughness size is at its least state meaning 0.00131 meters, changes in shear stress with relative width are more noticeable than of the two other roughness sizes. So that the rate of apparent shear stress percentage change in this size of roughness is decreasing by increasing the relative width. The reason is that in a smoother main channel, the impact of the increasing width of floodplains on the percentage of the apparent shear stress due to lack of roughness, is more influenced by the relative width. However, in more rough substrates, the effect of changes in the relative width drops against roughness and the rate of changes of shear stress decreases (Figure 4) .
